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Continuous Systems 




The Wave Equation in Fluids 
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Wave Equation in Fluids 
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Equation of Continuity 
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Equation of Continuity 
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Equation of Motion 
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Equation of Motion 
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State Equation 



(p,+p) = (p,+p)RT/M 
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The 1-D Wave Equation 
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The 3-D Wave Equation 




V^p = 



— —^ —^ — 

dx^ dy^ dz^ 



ASU Sound & 
Lab 




Ci) jl jlAVIj Cibjj^l Ja3m 



Harmonic Solution of the Free 1-D Wave Equation 

p(x, t) = p^ COS CD(t - x/c) 

k = (D/c 

At a certain x^ 
p^cos((Dt -kx^) = p^cos((D(t + T)-kx^) 

CD = 27l IT 

At a certain t^ 
p^cos (o) t^ - kx) = p^cos {(Dt^-k{x-\-Xy) 

kA = 271, k = 271 /A 
c=fX 
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Harmonic Solution of the Free 1-D Wave Equation 
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Specific Impedance 
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Example 

For air at 20° C and 1 atm Z^ = p^c = 415 Pa-s/m 
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Sound Intensity 
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Sound and Vibration 
Measurement Techniques 
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Measurement 
Chain 



Sound or vibration signal Transducer Electrical signal Signal conditioning 

Signal 
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Time 



Low pass filtering 



Measurement data 
processing 



Graph 



Example: 

Averaging 

RMS amplitude determina 

A-, B-, C-weighting 



Amplitude 



Frequency 




Amplification 



Analog-digital conversion Frequency analysis 




Digital 
filtering 



Fast Fourier 
Transform 
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t/(0[v] = Cp(t) 



Transducers 



» Sensitivity 
•Frequency band 
•Dynamic range: 
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A ccelerom eters 



Electrical + 
Output signal 




Pre-loaded 
spring 
Seismic mass 

Piezoelectric element 

Baseplate / mounting 
^ajte 



Vibrating object 
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A ccelerom eters 



1 Sensitivity 



Useful 

frequency range -f/3 



Accelerometer with a 
large mass 





Accelerometer 
ith a small mass 
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Mounting of Accelerometers 



Axis of principal 
sensitivity (100%) 





Transverse sensitivity (<4%) 
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Mounting of Accelerometers 




Threaded Stud 
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Isolated threaded Stud 
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Threaded-Cemented base 
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Measuring Tips 
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Microphones 




Diaphragm 



3ackplate electrode 



Shield 



Cavity 




Insulator 

Output terminal 



Membrane 



Pressure relief vent 



Isolator 
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Backplate electrode 



Casing 
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Sound Level Meter 




